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(54) Record head 

(57) A record head having a photoconductive layer 
(2) formed on a substrate (1), a source electrode (3) 
formed on the photoconductive layer (2), means for sup- 
plying ink onto the photoconductor (2) and an opposed 
electrode (6). The means for supplying ink and the op- 
posed electrode (6) are arranged with a gap sufficient 
for incorporating record paper (9). A power source (8) 
applies voltage between the source electrode (3) and 
the opposed electrode (6) and light irradiating means 
(7) supplies ligjit in correspondence with the desired pic- 
ture pixel to the photoconductor. 



FIG. 1 



1 2 




Printed by Jow*. 76001 PARIS (FR) 



*SOOCID: <EP 0861724A2J_> 



1 



EP0 861 724 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a record head used 
in a record device for providing output picture on record 
media capable ot dealing with a wide variety ol needs 
of industries ranging from the printing industry where 
high speed output of high quality picture is requested, 
the printer industry based on business or personal re- 
quest to the electric appliance industry where general 
output devices and the like at low price using various 
kinds and uses of record media are requested. 

According to an electrostatic acceleration type ink 
jet recording device in conventional ink jet printing (Tsu- 
tomu Uehara: 'An electrostatic acceleration type ink jet 
recording device*, Japanese Unexamined Patent Pub- 
lication No. JP-A-2-72960), as shown by Fig. 10, in an 
ink record head 1001 having an ink injection port 1010 
formed in a slit-like shape, an upper plate 1012 and a 
substrate 1011 forming the ink injection port 1010, a 
record electrode 1014 arranged on the substrate 1011 
by a unit of a record pixel, an opposed electrode 1002 
arranged opposedly to the ink injection port 1 01 0, record 
paper 1005 moved along the opposed electrode 1002, 
a drive power source (HVP) for supplying high voltage 
to a selected electrode of the record electrode 1 01 4 and 
a photoconductor 1016 provided between the record 
electrode 1014 and a ground electrode 1015, oily ink 
1018 is filled to reach the ink injection port 1010 and a 
voltage pulse in correspondence with a picture pixel is 
applied between the record electrode 1014 and the op- 
posed electrode 1002 by which the oily ink 1018 is in- 
jected and flown and adhered and permeated to the 
record paper 1005 whereby a desired output print or pic- 
ture is provided. 

Particularly, according to the conventional example 
shown here, by connecting the record electrode 1014 
and the ground electrode 1015 via the photoconductor 
101 6, when light in correspondence with a picture pixel 
signal is irradiated to the photoconductor 1016, a volt- 
age pulse in correspondence with a picture pixel can 
easily be generated between the record electrode 1014 
and the opposed electrode 1002 without using a drive 
integrated circuit having high withstand voltage or the 
like. Further, according to the example, light in corre- 
spondence with a picture pixel can easily be provided 
by light signal irradiating means 1004 capable of con- 
densing light from a draft 1019 by a self foe lens 1020. 
Further, according to the conventional example, at least 
the record electrode 1014 is naturally formed dividsdly 
in correspondence with the record picture pixel. 

According to such a conventional electrostatic ac- 
celeration type ink jet recording device (hereinafter, re- 
ferred to as slit jet system), by replacing a nozzle used 
in ink Jet recording by the ink injection port 1010 in a 
slender slit shape, th resolution is not restricted by th 
nozzle and further, cleaning of the ink injection port 1010 



can be facilitated. 

Furth r, according to the slit jet system, color output 
print can easily be provided by using a plurality of the 
ink injection ports 1010 and injecting the oily inks 1018 
s having different colors into the respective ink injection 
ports 1010. 

The following problems are posed according to the 
conventional ink jet recording system. 

10 (1 ) It is difficult to promote the resolution since noz- 
zles are used for injecting ink. 
(2) The ink jet recording system is classified into a 
continuous type and an on-demand type. According 
to the continuous type, although the record speed 

is is high, the device is difficult to simplify due to re- 
covery of unnecessary ink or the like whereas ac- 
cording to the on-demand type, although the con- 
stitution of the device is simplified, the record speed 
is difficult to accelerate. 

20 

The following problems are posed according to the 
slit jet system for resolving the above-described prob- 
lems of the ink jet recording system. 

25 (1 ) It is difficult to promote the resolution since ink 
is flown by arranging record electrodes in corre- 
spondence with the units of record pixels. 
(2) It is difficult to optimize ink characteristic and 
control applied voltage and timing thereof since in 

30 applying voltage on the record electrodes, when a 
selected record electrode and a nonselected record 
electrode are contiguous to each other, discharge 
phenomenon is caused between the both elec- 
trodes. 

35 (3) Deterioration of the record electrode is signifi- 
cant since the record electrode is brought into con- 
tact with ink and further, high voltage is applied ther- 
eon. 

40 Hence, it is a problem of the present invention to 
provide a record head by which highly fine printing with 
high quality is carried out at high speed and where out- 
put printing without selecting the shape of a record me- 
dium can be carried out in a noncontact state. 

45 

SUMMARY OF THE INVENTION 

In order to resolve the above-described problem, 
the record head of the present invention is provided with 

so a constitution in which electric charge is supplied from 
a source electrode to ink by optically switching a photo- 
conductor metalled between a source electrode that is 
an electric charge supply source and ink and the ink sup- 
plied with the electric charge is separated and flown 

55 from a predetermined portion by an electrostatic force. 
Specific constitutions are shown below. 

[Constitution 1] A record head in which electric 
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charge is applied to a predetermined ink portion by 
optically switching a photoconductor provided be- 
tween a source electrode that is an electric charge 
supply source and ink and the ink portion supplied 
with the electric charge is separated and flown by s 
an electrostatic force wherein at least the source 
electrode and a portion of supplying the electric 
charge to the ink are formed to separate from each 
other by a predetermined distance in a direction of 
a plane. 10 
[Constitution 2] In the record head of Constitution 
1 , at least the source electrode and a portion of sep- 
arating and flying the ink supplied with the electric 
charge are formed to separate from each other by 
a predetermined distance in an ink flying direction, is 
[Constitution 3] In the record head ol Constitution 1 
or 2, the record head comprises at least a substrate, 
the source electrode, the photoconductor, an Ink 
supply path for supplying ink to an insulating film 
and onto the photoconductor, an ink chamber 20 
formed on the photoconductor, an opposed elec- 
trode arranged remotely from the Ink chamber by a 
predetermined interval, a power source for applying 
voltage between the source electrode and the op- 
posed electrode and light irradiating means for irra- 2$ 
diating light in correspondence with a deeired pic- 
ture pixel to the photoconductor. 
[Constitution 4] In the record head of Constitution 
3, the ink chamber includes an ink flying portion 
formed with a gap separating the ink flying portion 30 
from the source electrode by a predetermined dis- 
tance and an irradiated portion of light in corre- 
spondence with the picture pixel is included in at 
least a portion or a total of a predetermined interval 
provided between a boundary between the source & 
electrode and the photoconductor and a boundary 
between the photoconductor and the ink chamber. 
[Constitution 5] In the record head of Constitution 3 
or 4, the substrate is a transparent substrate and 
the light irradiated from the light irradiating means *Q 
is irradiated from a side of the transparent sub- 
strate. 

[Constitution 6] In the record head of any one of 
Constitutions 1 through 5, a gap between the ink 
and the source electrode is protected by an insulat- 
ingfilm. 

(Constitution 7] In the record head of any one of 
Constitutions 2 through 6, a portion of the ink cham- 
ber is formed by a wall formed on the substrate or 
the photoconductor or the source electrode or the so 
insulating film. 

[Constitution 8] In the record head of any one of 
Constitutions 2 through 7, a ceiling plate having a 
slit hole formed in correspondence with the ink fly- 
ing portion is installed to interpose the ink chamber ss 
between the ceiling plate and the photoconductor. 
[Constitution 9] In the record head of any one of 
Constitutions 2 through 8, the source electrode is 



formed in a linear shap . 

[Constitution 10] In the record head of any one of 

Constitutions 2 through 8, the sourc electrode is 

formed in a ladder-like shape. 

[Constitution 11] In the record head of any one of 

Constitutions 2 through 8, the source electrode is 

formed in a comb-like shape. 

[Constitution 12] In the record head of any one of 

Constitutions 2 through 8, the source electrode is 

formed in a meandering shape. 

[Constitution 13] In the record head of any one of 

Constitutions 2 through 12, the photoconductor is 

formed divtdedly. 

The above-described problem has been resolved 
by the above-described constitutions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view schematically showing 
an example of a first constitution of a record head ac- 
cording to the present invention. 

Fig. 2 is an explanatory view schematically showing 
an example of a second constitution of a record head 
according to the present invention. 

Fig. 3 is an explanatory view schematically showing 
an example of a third constitution of a record head ac- 
cording to the present invention. 

Fig. 4 is an explanatory view schematically showing 
an example of a fourth constitution of a record head ac- 
cording to the present invention. 

Figs. 5A-5B illustrate explanatory views schemati- 
cally showing an example of modes of a photoconduc- 
tor, a source electrode and an insulating film according 
to the constitution of the record head of the present in- 
vention. 

Fig. 5A shows a state where the photoconductor is 
formed only at a vicinity of the source electrode. 

Fig. 5B shows a state where the photoconductor is 
formed only at the vicinity of the source electrode and 
dividedly. 

Fig. 6A-6D illustrate explanatory views schemati- 
cally showing one example of modes of a photoconduc- 
tor, a source electrode and an insulating film according 
to the constitution of the record head of the present in- 
vention in which Fig. 6A shows an example having a 
constitution using a ladder-like electrode, Fig. 6B shows 
the ladder-like electrode used in Fig. 6A, Fig. 6C shows 
the photoconductor used in Fig. 6A and Fig. 6D shows 
the insulating film used in Fig. 6A. 

Fig. 7A-7D illustrate explanatory views schemati- 
cally showing several examples of source electrodes 
used in constituting the record head of the present in- 
vention in which Fig. 7A shows a comb-like electrode, 
Fig. 7B shows a meandering electrode, Fig. 7C shows 
a ladder-like electrode having float electrodes and Fig. 
7D shows a state where the float electrodes and the lad- 
der-like electrode are formed at different layers. 
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Fig. 8 is an xplanatory view schematically showing 
the basic mode of the record head according to the 
pr sent invention and operation of respective constitu- 
ent portions. 

Fig. 9 is an explanatory view supplementing Fig. 8. 

Fig. 1 0 is an explanatory view schematically show- 
ing the constitution of an ink jet recording device of an 
electrostatic acceleration type according to convention- 
al ink jet printing. 

DETAILED DESCRIPTION OF THE INVENTION 

Next, an explanation will be given of embodiments 
of the present invention in reference to Figs. 8 and 9. 
Fig. 8 is an explanatory view showing schematically the 
basic constitution and operation of respective constitu- 
ent portions in the record head of the present invention. 
Fu rther. Fig. 9 is an explanatory view extracted from Fig. 
B for indicating titles and portions of a portion of Fig. 8 
where notations 3, 4 } A and C are shown. Here, accord- 
ing to notations designated in Figs. 8 and 9, numeral 1 
designates a substrate, numeral 2 designates a photo- 
conductor, numeral 3 designates a source electrode, 
numeral 4 designates an insulating film, numeral 5 des- 
ignates an ink chamber, numeral 6 designates an op- 
posed electrode, numeral 7 designates light irradiating 
means, numeral 8 designates a drive power source, nu- 
meral 9 designates a record medium, numeral 10 des- 
ignates writing light, numeral 11 designates an ink injec- 
tion portion, numeral 12 designates a ceiling plate, nu- 
meral 13 designates a wail and numeral 14 designates 
an electric field. 

First, an explanation will be given of the basic con- 
stitution of the record head according to the present in- 
vention. 

According to the basic constitution of the record 
head of the present invention shown by Fig. 8, the pho- 
toconductor 2 is formed on the substrate 1 comprising 
glass, transparent plastic or the like. Further, the source 
electrode 3 (refer to Fig. 9) comprising a metal material 
of aluminum, chromium, gold or the like or a conductive 
film of a metal oxide of ITO (Indium-Tln-Oxide) or the 
like, a conductive high molecular material or the like, is 
formed on the photoconductor 2. In this case, the pho- 
toconductor 2 may naturally be formed after forming the 
source electrode 3 on the substrate 1 . Next, the insulat- 
ing film 4 (refer to Fig. 9) is formed on the source elec- 
trode 3 to completely cover end points thereof (portions 
A shown by Fig. 9). That is, the insulating film 4 insulates 
the source electrode 3 from the ink chamber 5. The ma- 
terial constituting the insulating film 4 can be constituted 
by using a high molecular material of an acrylic group 
resin, a polyimide group resin, a polyethylene group res- 
in, a rubber group resin or the like, or an insulating ma- 
terial of silicon dioxide, silicon nitride or the like. Further, 
the ceiling plat 12 having a slit-lik opening that is h Id 
by the wall 13 is installed abov the insulating film 4. A 
region surrounded by the ceiling plate 12 the wall 13, 



the insulating film 4 and the photoconductor 2 constitute 
the ink chamb r 5. In this case, the opening having a 
slit-like shape that is formed at the ceiling plate 12. is 
disposed on a straight line c nnecting the source elec- 

$ trode 3 and the opposed electrode 6 and m niscus of 
ink in the ink chamber 5 formed at the opening portion 
constitute the ink injection portion 11. The ceiling plate 
12 can be constituted by using a high molecular material 
such as an acrylic group resin, a polyimide resin, a pol- 

io yethylene group resin or the like, an insulating material 
of a glass or ceramic or the like. Further, the ink chamber 
5 is provided with a flow path supplying ink to the slit- 
like opening and ink is supplied to the ink chamber 5 via 
means for supplying ink from outside. As the photocon- 

is ductor 2, a silicon group photosemiconductor such as 
hydrogenerated amorphous silicon (hereinafter, abbre- 
viated as a-Si:H) formed by a plasma CVD process or 
a reactive sputtering process or the like, or a chalcoge- 
nlde group photosemiconductor such as CdSe, CdTe or 

20 the like, or an organic photosemiconductor (hereinafter, 
abbreviated as OPC) can be used. 

According to the record head of the present inven- 
tion, the opposed electrode 6 is installed opposedly to 
the slit-like opening and the opposed electrode 6 and 

25 the source electrode 3 are electrically connected to the 
drive power source 8. In this case, by forming the slit- 
like opening, that is, the ink injection portion 11 on the 
straight line connecting the source electrode 3 and the 
opposed electrode 6, the electric field operating on the 

30 injected ink can be provided linearly, that is, efficiently. 
Further, according to the example shown by Fig. 8, the 
interval between the opposed electrode 6 and the ink 
injection portion 11 or the ceiling plate 12 is constituted 
by an air layer and by inserting the record medium be- 
as tween the air layer and the ink injection portion 1 1 or the 
ceiling plate 12, the ink injected to the record medium is 
adhered by which a dot pattern in correspondence with 
desired picture pixels is recorded. 

Next, a simple explanation will be given of the op- 

40 eration of the record head according to the present in- 
vention. DC voltage of 1 through 5 kV is applied between 
the source electrode 3 and the opposed electrode 6 by 
the drive power source 8. In this case, the applied volt- 
age is varied in accordance with the structure or dimen- 

45 sions of the record head or the physical property of the 
Ink. At this moment, electric charge (electron In this 
case) supplied from the drive power source 8 is conduct- 
ed through the source electrode 3 and reaches the end 
portions (portions A shown by Fig. 9). The source elec- 

50 trode 3 is covered by the insulating film comprising an 
acrylic high molecular substance or the like and there- 
fore, the electric charge passes through the photocon- 
ductor 2 from the portions A, passes through the ink 
chamber 5 from vicinities of end portions (portions C 

ss shown by Fig. 9) of the Insulating film 4 and accumulated 
at the ink injection portion 11. In this case, when ther 
is no irradiation of light from outside, the volume resis- 
tivity of the photoconductor 2 falls in a range of 10E9 
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through10E11 ftcm. Further, th9 air layer of 0.2 through 

1 mm is present and the record medium of print paper 
or the like is inserted between the opposed electrode 6 
and the ink injection portion 11 and therefore, the resist- 
ance value of the interval is significantly larger than re- 
sistance values of other constituent members. There- 
fore, almost all of DC voltage applied by the drive power 
source 8 is dividedly provided to the air layer. The mag- 
nitudes of the drive voltage dividedly provided to the 
photoconductor 2 and the ink chamber 5 differ depend- 
ing on the film thickness of the photoconductor 2 or dis- 
tances between the portions A and the portions C and 
differ also depending on the width or the height of the 
ink chamber 5. When the writing light 10 is irradiated to 
a portion B of the photoconductor 2 shown by Fig. 8 by 
using the light irradiating means 7, the volume resistivity 
of the irradiated portion is decreased by about 10E3 
through 10E5 of the volume resistivity when the portion 
is not irradiated, as a result, the amount of electric 
charge rejected to the ink chamber 5 by passing from 
the end portions of the source electrode 3 (portions A 
shown by Fig. 9) to the B region of the photoconductor 

2 and the end portions of the insulating film 4 (portions 
C shown by Fig. 9), is increased. The injected electric 
charge is attracted along with the ink to the side of the 
opposed electrode 6 by the electric field 1 4 from the op- 
posed electrode 6, as a result, the radius of curvature 
of the interface of the ink injection portion 1 1 is increased 
and the electric charge is concentrated on the interface 
of the ink injection portion 11 and receives large attrac- 
tive force from the opposed electrode 6. The procedure 
is successively continued and the ink is elongated to the 
side of the opposed electrode and finally, the ink is sep- 
arated from the interface of the injection portion 11 and 
flown toward the opposed electrode 6 and adhered and 
fixed to the surface of the record medium 9. The proce- 
dure is continuously caused when the electric charge 
sufficient tor flying the ink is injected even after finishing 
the irradiation of the writing light from the light irradiating 
means 7. 

In this way, by successively irradiating the writing 
light 1 0 in correspondence with the picture pixel with a 
beam diameter in correspondence with the diameter of 
a dot intended to be flown, the amount of ink in corre- 
spondence with the desired picture pixel can be flown 
and adhered and fixed to the record medium. 

The feature of the record head according to the 
present invention resides in that the electric charge is 
injected from the photoconductor 2 directly to the ink 
chamber 5 as well as that the end points of the source 
electrode 3 that is the electric charge injecting source 
(portions A of Fig. 9) and the electric charge injecting 
portions (portions C of Fig. 9) are arranged remote from 
each other by predetermined distances in a direction of 
the film face of the photoconductor 2 and the source 
electrode 3, the ink inject ton port ton 11 and the opposed 
lectrode 6 ar linearly arranged. When the electric 
charge injection portion of the source electrode 3 that is 



the electric charge injecting source and th photocon- 
ductor 2 are simply arranged to overlap ach ther, a 
structure where the ink chamber 5 and the source elec- 
trode 3 are separated by the photoconductor 2, Is con- 

s stituted and the movement of the electric charge is car- 
ried out in a direction orthogonal to the film face of the 
photoconductor. Meanwhile, DC voltage of 1 through 5 
kV is applied between the source electrode 3 and the 
opposed electrode 6 as described above and therefore, 

10 high voltage of about 100 through 500 V is applied on 
the photoconductor 2. Accordingly, when the photocon- 
ductor 2 is constituted by, for example, a-Si: H, pertinent 
optical switching function is not provided unless the film 
thickness is about 20 urn or more. Thereby, a time period 

15 of fabricating a-Si:H as the photoconductor 2 is pro- 
longed from several hours to ten and several hours, 
which gives rise to high price. Further, pin holes are li- 
able to cause in the film of a thin film photoconductor of 
OPC or the like, which gives rise to lowering of yield. In 

20 the meantime, according to the present invention, the 
electric charge is injected from the photoconductor 2 di- 
rectly to the ink chamber 5 and at the same time, the 
distances to the end points (vicinities of points C of Fig. 
4) of the source electrode 3 that is the electric charge 

25 injecting source become substantially equivalent to the 
film thickness of the photoconductor 2. 

For example, when a-Si:H is used as the photocon- 
ductor 2, by setting the distances between the electric 
charge injection points (portions A of Fig. 9) and the 

£0 electric charge discharge points (portions C of Fig. 9) to 
20 through 50 |im. an effect substantially the same as 
that when a-Si:H having the film thickness of 20 through 
50 pm is formed, can be provided. Naturally, in this case, 
the irradiated writing light 10 is irradiated over an entire 

3S face from the electric charge injection points through the 
electric charge discharge points. Further, in this case, 
the magnitude of the drive voltage dividedly provided to 
the photoconductor 2 is dependent not only on the dis- 
tances from the electric charge injection points to the 

40 electric charge discharge points but the film thickness 
of the photoconductor 2. That is, the thinner the film 
thickness of the photoconductor 2, the larger the film re- 
sistance and the switching operation of electric charge 
can be carried out over a range of voltage that is in- 

45 creased by that amount. Further, even when pin holes 
are caused in the photoconductor, no significant influ- 
ence is naturally effected on the optical switching oper- 
ation. Therefore, according to the record head of the 
present invention, the optical switching function can be 

50 easily provided by using the photoconductor having a 
thin film thickness and therefore, there is provided an 
advantage where the record head can be fabricated in- 
expensively and with high yield. 

Further, the flying of ink is caused by concentrating 

ss the electric charge injected from the electric charge in- 
jection portions (portions C shown by Fig. 9) t insid of 
the ink, to the ink injection p rtion 11 by diffusion and 
electric field and attracting the Ink injection portion 11 to 
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the opposed electrode 6 mainly by th operation of the 
electric fi id. Therefore, by cone ntrating and effectively 
operating the electric field, the flying of ink can b facil- 
itated and the energy can be decreased. As shown by 
Fig. 8. by installing th Ink injection portion 11 at the lo- 
cation where the operation of the electric field generated 
by applying the voltage between the source electrode 3 
and the opposed electrode 6 by the drive power source 
8. is significant, thai is, on the straight line, the stable 
flying of ink can be facilitated and the applied voltage 
can be reduced. 

Next, an explanation will be given of the case where 
OPC is used as the photoconductor 2. In this case, cau- 
tion is particularly required when OPC of a laminated 
layer type constituted by separating an electric charge 
generating layer and an electric charge transporting lay- 
er. In this case, explaining in reference to Fig. 8, it is 
preferable to form the electric charge generating layer 
only at a portion of the photoconductor 2 in contact with 
the source electrode 3. The same is applicable to the 
case where the source electrode 3 is formed on the side 
of the substrate. The reason is that generally, the con- 
ductivity of the electric charge generating layer of OPC 
is comparatively large even in the dark state and there- 
fore, when the electric charge generating layer is formed 
over an entire face as far as the ink chamber 5, the layer 
must be formed with the distances between the electric 
charge injection points and the electric charge dis- 
charge points of more than 100 jam and therefore, prac- 
tical writing light energy irradiation cannot be carried 
out. 

Further, when Bi^SD^ crystal (hereinafter, abbre- 
viated as BSO crystal) or the like is used as the photo- 
conductor 2, the above-described problem is not caused 
and the photoconductor per se can also be used for the 
substrate, however, the drive voltage for use becomes 
significantly higher and the material per se becomes ex- 
pensive. 

[Working Examples] 

An explanation will be given of embodiments of the 
present invention in reference to the drawings as fol- 
lows. 

(Example 1) 

Fig. 1 is an explanatory view showing one example 
of the first constitution of the record head according to 
the present invention. 

Numeral 1 designates the substrate, numeral 2 des- 
ignates the photoconductor, numeral 3 designates the 
source electrode, numeral 4 designates the insulating 
film, numeral 5 designates the ink chamber, numeral 6 
designates the opposed electrode, numeral 7 desig- 
nat s the light irradiating means, numeral 8 d signates 
the drive power source, numeral 9 designates the record 
medium, numeral 1 0 designates the writing light and nu- 



meral 11 designates the ink injection portion. In Fig. 1, 
a state wher high voltage is applied between the 
source electrode 3 and the opposed electrode 6 by us- 
ing th drive power source 8 is produced and the writing 

5 light 10 is irradiated to the photoconductor 2 by using 
the light irradiating means 7 from the side of the source 
electrode 3. As a result, the resistance value of the irra- 
diated region of the photoconductor 2 is lowered and 
photocurrent is flown in the region. Thereby, the source 

to electrode 3 and the ink chamber 5 are brought into a 
conductive state, electric charge is injected into the ink 
chamber 5 and ink is flown from the ink injection portion 
11 to the side of the opposed electrode 6 by receiving 
Coulomb's force and is adhered and fixed to the record 

*s medium 9. 

According to the example, the photoconductor 2 
and the insulating film 4 per se constituted on the source 
electrode 3 form the ink chamber 5 and Ink is held by 
the surface tension. That is. ink is supplied from outside 

20 ink supplying means, not illustrated, transmitted through 
the ink chamber 5 by the surface tension and fills the ink 
chamber 5. Although not clearly represented in Fig. 1, 
the ink chamber 5 is linearly formed in a direction or- 
thogonal to paper face. The structure is featured in that 

2B it is an extremely simple structure although the filling 
state of ink filled in the ink chamber 5 is changed by the 
attitude of holding the record head and the flying char- 
acteristic is influenced thereby. 

The insulating film 4 is formed by a thick film of 

30 about 10 through 50 ujti. According to the example, the 
film is fabricated by coating photoreactive acrylic group 
resin by a spin coating process, and thereafter, exposing 
and developing the film by using an exposure mask in 
correspondence with a predetermined shape pattern. Of 

35 course, other resin material may be printed for the insu- 
lating film 4, or an insulating material of silicon dioxide 
or silicon nitride or the like may be formed by a physical 
gas phase vapor deposition process of a vacuum dep- 
osition process or a sputtering process or the like and 

40 thereafter, the film may be fabricated in a predetermined 
shape by using a resist. 

As the material of the photoconductor 2, a photo- 
conductive single crystal material of Se group, CdS 
group, ZnO group, BSO (Bi 12 Si02o) or the like, an mor- 

45 ganic conductor of hydrogenerated amorphous silicon 
of I type, pi type, pin type or the like, or a lamination type 
organic photoconductor such as CTL/CGL or the like 
can be used. As the photoconductor 2, the photocon- 
ductivity is important and it is preferable that potential 

so difference of surface potential caused by attenuation of 
light is large. 

The dark resistance of the inorganic photoconduc- 
tor or the organic photoconductor falls in a range of 
10E11 through 10E14Q-cm and the resistance value is 
ss lowered to 1 0E8 through 10E11 Q-crn by irradiating light 
to the photoconductor 2 by which photocurrent is flown 
in th irradiated region. Further, in respect of the film 
thickness of the photoconductor 2, 20 through 50 urn is 
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preferable and as electric properties, the resistance val- 
ue at the dark place is large and high sensitivity and fast 
light response are required which can be satisfied by the 
above-described photoconductor. 

Further, when amorphous silicon is used as the 
photoconductor 2, the dark resistance falls in a range of 
1 0E9 through 1 0E1 1 £i cm and the resistance value can 
be lowered to 10E4 through 10E6 (2-cm by irradiating 
light to the photoconductor 2 by which large surface po- 
tential difference can be ensured. Further, naturally, the 
thinner the film thickness of the photoconductor and the 
longer the distances from the electric charge injection 
portions to the electric charge discharge portions, the 
more increased is the dark resistance value. Although 
a-Si:H of 1 through 10 urn is used in this example, it is 
optimum to set the film thickness preferably to about 5 
jam. 

Further, in order to Increase the dark resistance val- 
ue as well as realize jumping of ink having high resolu- 
tion by minimizing expansion of electric charge in the 
direction of film face, it is preferable to use hydrogen- 
erated amorphous silicon of i type where impurity ele- 
ments are removed. 

A semiconductor laser can be used as the light ir- 
radiating means 7 according to the present invention 
and the writing light 10 is irradiated from the light irradi- 
ating means 7 to a position on the photoconductor 2 in 
correspondence with a desired picture pixel. On the 
photoconductor 2, the resistance value of only the irra- 
diated desired picture pixel region is lowered. In this 
case, the photosensitivity can be promoted by promot- 
ing the light attenuation rate of the photoconductor 2 by 
matching the oscillation wavelength of the laser beam 
with the absorption coefficient of the photoconductor 2 
in respect of the oscillation wavelength. Further, the light 
irradiating means 7 can optimize the irradiated light in- 
tensity, the focus light spot shape or the like by an optica) 
lens or the like in respect of the light irradiated from a 
semiconductor laser or the like and can constitute also 
a light scanning mechanism constituted by a polygonal 
mirror or the like. According to the record head of the 
present invention, laser beam is irradiated from the light 
irradiating means 7 and therefore, picture can be formed 
on the photoconductor 2 at a position in correspondence 
with a desired picture pixel in a noncontact state and at 
high speed. Although according to the embodiment, a 
semiconductor laser is used as the light emitting source 
of the light irradiating means 7, the light source is not 
limited thereto but He-Ne laser, or a semiconductor laser 
array or an LED array or a halogen lamp or the like can 
be used sufficiently as a light emitting source. Further, 
a light shutter array or a liquid crystal television set may 
naturally be used in place of an optical scanning system. 

According to the embodiment, electric charge is in- 
jected into ink by irradiating light onto the photoconduc- 
tor 2 and the amount of injecting electric charge is de- 
termined by the spot diameter of th laser beam emitted 
by the light irradiating means 7, the intensity of the irra- 



diated light and th pulsejwidth of irradiation. The larger 
the laser spot diamet r, the larger the irradiated region 
of the photoconductor & and the more the injection 
amount. Furth r, by increasing the intensity of the irra- 

s diated light, the resistance value of the photoconductor 
2 is further lowered, the photocurrent is more liable to 
flow and the amount of ipjection into the ink is also in- 
creased. This is applicable to the case where the irradi- 
ation pulse width is made variable. According to the 

w record head of the presejnt invention, by controlling the 
amount of electric chargje injected into the ink, the ink 
jumping speed can be rn^de high and variable in corre- 
spondence with the objebt of recording. 

A metal thin film provjded by a general thin film form- 
ing process can be used) as a source electrode 3 of the 
present invention. According to the embodiment, an Al 
thin film having a thickness of 1 micron meter is used. 
Further, a conductive material may be used for the ma- 
terial of electrode and ITp (Indium-Tm Oxide) or ZnO or 

20 Sn0 2 or compounds of these or a conductive high mo- 
lecular material or the tik^ can be used. However, in view 
of the constitution of the; record head according to the 
present invention, althojigh the record head functions 
when the resistance valjie of the source electrode 3 is 

2 s smaller than the dark resistance of the photoconductor, 
a material having a resistance as low as possible is pref- 
erable to achieve stableloperation. 

A conductive material of aluminium, copper, gold or 
the like can be used for the opposed electrode 6 of the 

30 present invention. j 

The voltage value cjf the power source applied be- 
tween the source electrope Sand the opposed electrode 
6 preferably rangesfromjlkVto4 kV The value is varied 
depending on the conductivity, the viscosity or the sur- 
as face tension of the ink jilled in the ink chamber 5, the 
material used in the pho|loconductor 2, or the film thick- 
ness or the material of the insulating film 4. In respect 
of the polarity of the drhje power source 8, although no 
influence is naturally effected in principle even if posi- 

40 tiveness and negativene|ss are reversed, most of the ink 
is liable to be electrifiecj by a negative pole and there- 
fore, it is preferable to cjonstitute a positive pole on the 
side of the opposed electrode 6. 

As physical propejties of ink according to the 

& present invention, which particularly influence on jump- 
ing of ink, surface tensiofi, viscosity and conductivity are 
pointed out. For example when the conductivity and the 
viscosity are assumed t<t> be constant, a maximum inter- 
val for ink to jump to the [apposed electrode (hereinafter, 

so referred to as maximum record interval) is increased in 
accordance with a reduction in the surface tension when 
the surface tension falls in a range of 20 through 50 dyrv* 
cm. Accordingly, the si(naller the surface tension, the 
smaller the resistant for^e in the process of injecting ink, 

ss ink can be injected evejn with a weak electric field and 
therefor , the maximujm record interval can be in- 
creased. Generally, thej surface tension is higher in th 
case of water ink, 72.8ldyn/cm (20 °C) for pure water 
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and the surface tension of an organic solvent ranges 
from 20 dyn/cm to 35 dyn/cm and therefor . ink formed 
by dissolving dyestuffs to an organic solvent is pref ra- 
bly used as the ink used in the present Invention. Fur- 
ther, the maximum record interval can be increased by 
reducing the surface tension by dissolving a surfactant 
of an anionic surfactant, a cationic surfactant, a nonionic 
surfactant or the like into the ink. 

Although the viscosity of the ink solvent can be se- 
lected in a wide range, a solvent having a low viscosity 
is highly volatile and therefore, the preserving perform- 
ance of ink is deteriorated and accordingly, a solvent 
having a boiling point in a range of 200 °C or higher is 
selected to ensure the preserving performance. In re- 
spect of the relationship between the viscosity and the 
maximum record interval, when the surface tension and 
the conductivity are assumed to be constant, the maxi- 
mum record interval is increased with a reduction in the 
viscosity. Therefore, similar to the case of the surface 
tension, when the viscosity is low, the resistance force 
in the process of injecting ink is decreased and the max- 
imum record interval can be increased. 

For injecting ink, it is necessary to inject electric 
charge from the photoconductpr 2 to ink and move elec- 
tric charge to the ink injection portion 11 . Therefore, the 
low conductivity is preferable, however, when the con- 
ductivity is excessively low, the electric charge is dif- 
fused into the ink before the electric charge injected to 
the ink reaches the front end of the meniscus of the ink 
formed at the ink injection portion 11 and therefore, the 
ink is not injected. Therefore, it is preferable to set the 
pertinent range of the conductivity of ink according to 
the present invention to 2X10E-9S/cm or lower. 

Incidentally, h respect of the above-described set 
values of the ink characteristics, the optimum charac- 
teristic ranges of the surface tension, the viscosity, the 
conductivity and the like are not necessarily be limited 
to the above-described values since whether ink can be 
flown is dependent on conditions of light source of the 
light irradiating means 7, the voltage value applied be- 
tween the source electrode 3 and the opposed electrode 
6, a distance between a portion of injecting electric 
charge to the photoconductor 2 and a portion of dis- 
charging electric charge to the ink chamber 5, the film 
thickness of the photoconductor 2, the maximum dis- 
tance between electrodes, the film thickness of the In- 
sulating film 4 and the like. 

Further, by inserting the record medium 9 from pa- 
per feeding means omitted in the drawing to between 
the opposed electrode 6 and the ink injection portion 11 , 
the flown ink is adhered and permeated to the record 
medium 9 and therefore, a desired print or picture is pro- 
vided on the record medium 9. In this case, the dot size 
of the picture pixel transcribed on the record medium is 
determined by the distance between the record medium 
9 and th record head, th v (tags value applied be- 
tween the source electrode 3 and the opposed electrode 
6 and the amount of the flown ink. The amount of the 



flown ink can be controlled by the amount of nergy of 
th writing light provided from the light irradiating means 
7 to the photoconductor 2. That is, modulation of dot can 
be performed. In respect of the distance between the 

s record medium 9 and th ink injection portion 11 . when 
the distance is excessively short, the record medium 
may be brought into contact with the ink depending on 
the method of inserting the record medium 9 or wrinkle 
or the like of the record medium and when the distance 

io is excessively long, the flown ink is fallen by the gravi- 
tational force and the picture pixel is difficult to form at 
a desired position. Accordingly, the distance between 
the record medium 9 and the ink injection portion 11 ac- 
cording to the example is preferably about 0.2 through 

is 1 mm and about 0.5 mm as a desired distance. 

As has been explained, by using the record head 
described in the example, print in correspondence with 
a picture pixel where modulation of dot can be per- 
formed becomes feasible. 

20 

(Example 2) 

Fig. 2 is an explanatory view showing an example 
of the second constitution of a record head according to 
2S the present invention in which numeral 1 3 designates a 
walL Incidentally, constituent elements in Fig. 2 having 
function the same as those in Fig. 1 are attached with 
the same numerals and an explanation thereof will be 
omitted. 

30 The difference of the constitution of Fig. 2 from the 
constitution of Fig. 1 resides in that the frik chamber 5 
is formed by the photoconductive film 2, the insulating 
film 4 and the wall 13 by installing the wail 13 on the 
photoconductive film 2. By such a constitution, the state 

35 of ink in the ink chamber 5 of the record head according 
to the present invention which has been indicated in Ex- 
ample 1 , is less influenced by the attitude and the posi- 
tion of the record head. 

Also in Fig. 2, similar to Example 1, a state where 

40 high voltage is applied between the source electrode 3 
and the opposed electrode 6 by using the drive power 
source B is produced and the writing light 10 is irradiated 
from the side of the source electrode 3 to the photocon- 
ductor 2 by using the light irradiating means 7. At this 

45 moment, the resistance of the irradiated region of the 
photoconductor 2 is decreased, the source electrode 3 
and the ink chamber 5 are brought into a conductive 
state, electric charge is injected into the ink chamber 5 
and ink is flown from the ink injection portion 11 toward 

so the side of the opposed electrode 6 and adhered and 
fixed to the record medium 9. 

In this case, the direction of flying ink is controlled 
by using the wall 1 3 the injection amount and the speed 
of ink in respect of the distance between the ink chamber 

ss and the opposed electrode 6 are stabilized and further, 
by controlling the curv of them niscus of ink, the effi- 
ciency of concentrating electric charg at the vicinity of 
the ink injection portion 11 can be promoted and the en- 
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ergy in respect of jumping of ink can be reduced. 

Although the width of the ink chamber 5 is prefera- 
bly wid r with respect to introduction of ink, wh n the 
width is excessively targe, the difference of significance 
in respect of the structure shown by Fig. 1 is lost. Fur- 
ther, the width is preferably narrower in order to efficient- 
ly concentrate electric charge of the ink injection portion 
11. The width of the ink chamber 5 is preferably about 
100 through 200 pm in the case of this structure al- 
though the width differs depending on ink and structure 
or material of the ink chamber. 

Further, when the ink flows out from the wall 1 3, the 
ink is flown toward the side of the opposed electrode S 
and a desired picture pixel is difficult to continue. There- 
fore, in respect of the material of the wall 1 3 or the con- 
dition of the surface lacing the opposed electrode 6 S the 
angle of contact in respect of ink needs to be large and 
the insulating performance needs to be high. However, 
in respect of the angle of contact, the angle of contact 
relates to easiness in introducing ink into the ink cham- 
ber 5 and accordingly, a large angle may not simply be 
preferable. It is necessary to pertinently select ink for 
use (physical properties of viscosity, surface tension 
and the like), and the material and the surface condition 
of the wall. 

As has been explained, by using the structure, the 
influence of the attitude and the position on the ink is 
reduced and at the same time, the ink flying direction or 
condition can be stabilized, and low energy formation 
and stabilization of the flying condition can be achieved 
by promoting the effect of concentrating electric charge 
to the ink injection portion 11. In this way, the structure 
shown by Fig. 2 can achieve the above-described effect 
by slight addition of structure to the structure of Fig. 1 
and accordingly, it is a structure having high cost merit. 

(Embodiment 3) 

Fig. 3 is an explanatory view showing an example 
of the third constitution of a record head according to 
the present invention in which numeral 1 2 designates a 
ceiling plate. Further, constituent elements of Fig. 3 hav- 
ing functions the same as those in Figs. 1 and 2 are at- 
tached with the same numerals and an explanation 
thereof will be omitted. 

The difference of the constitution of Fig. 3 from the 
constitution of Fig. 1 resides in that the ceiling plate 12 
having a slit-like opening (hereinafter, referred to as slit) 
in correspondence with the ink injection portion 11 is ar- 
ranged by being supported by the wall 13. By such a 
constitution, the state of ink in the ink chamber 5 of the 
record head of the present invention which has been in- 
dicated in Examples 1 and 2, is difficult to undergo in- 
fluence by the attitude and the position of the record 
head and at the same time, the effect of concentrating 
electric charge to the ink injection portion 11 can signif- 
icantly be promoted. 

Also in Fig. 3, similar to the other examples, the 



state where high voltage is appli d between the source 
electrod 3 and the opposed lectrode 6 by using th 
drive power source B is produced and the writing light 
10 is irradiated from the side of the source electrode to 

s the photoconductor 2 by using th light irradiating 
means 7. At this moment, the resistance of the irradiated 
region of the photoconductor 2 is decreased, the source 
electrode 3 and the ink chamber 5 are brought into a 
conductive state, electric charge is injected into the ink 

10 chamber 5 and the ink is flown from the ink injection por- 
tion 11 toward the side of the opposed electrode 6 by 
receiving Coulomb's force and is adhered and fixed to 
the record medium 9. 

The width of the slit provided at the ceiling plate 12 

is determines the maximum value of static pressure of ink 
at the ink injection portion 1 1 and the ink receiving the 
static pressure forms a semicircular projected face, that 
is, the meniscus at the ink injection portion 11 which de- 
termines the amount of supplying ink. Further, the small- 

20 er the slit width, the smaller the radius of curvature of 
the meniscus of ink can be constituted and the larger 
the Coulomb's force for injecting the ink can be consti- 
tuted and therefore, the smaller the slit width, the more 
the record characteristic is promoted. Therefore, the 

2S width of the slit provided at the ceiling plate 1 2 is pref- 
erably about 50 through 100 jam which does not result 
a hazard in supplying the ink. Further, when ink flows 
out to the ceiling plate 12, the ftowed-out ink is flown 
toward the side of the opposed electrode 6 and a desired 

30 picture pixel is difficult to continue. Therefore, as a ma- 
terial of the ceiling plate 12, a material having a large 
angle of contact in respect of ink used in the record head 
of the present invention and having excellent insulating 
performance needs to be used. Accordingly: in respect 

35 of the ceiling plate, the angle of contact is ensured by 
using pofyimide resin, fluororesin or the like or process- 
ing the surface of the ceiling plate fabricated by an in- 
sulating material of glass, ceramic or the like by using a 
silane coupling agent or the like, and the above-de- 

40 scribed unstable phenomenon can be excluded when 
the static pressure of ink is pertinent. Furthermore, by 
using the ceiling plate 12, the direction of flying the ink 
can be controlled, the injection amount and the speed 
of the ink in respect of the distance between the ink in- 

45 jection portion 11 and the opposed electrode 6 are sta- 
bilized and further, the curve of the meniscus of Ink is 
controlled by which the efficiency of concentrating ink 
can be promoted and energy required for flying ink can 
be reduced. 

so 

(Embodiments 

Fig. 4 is an explanatory view showing one example 
of the fourth constitution of a record head according to 
55 the present invention. Incidentally, in Fig. 4, constituent 
elements having function the same as those in Figs. 1, 
2 and 3 are attached with th same numerals and an 
explanation thereof will be omitted. 
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Th differenc of the constitution of Fig. 4 from the 
constitution of Fig. 3 resides in the positional r lation- 
shipbetwe n the photoconductor 2 and the source elec- 
trode 3 and the size of the photoconductor 2. In respect 
of the positional relationship, according to the constitu- 
tion of Fig. 3 (similar to Figs. 1 and 2). the source elec- 
trode 3 is formed on the photoconductor 2 whereas ac- 
cording to the constitution of Fig. 4, the photoconductor 
2 is formed on the source electrode 3. The record head 
of the present invention can be provided with such a 
constitution and the structure can be changed in accord- 
ance with compatibility or the like in the process of fab- 
ricating materials of the photoconductor 2 and the 
source electrode 3. That is, the degree of freedom of the 
fabrication process is excellent which is effective in pro- 
moting the productivity. Further, in respect of the size of 
the photoconductor 2, there is no necessity in view of 
function other than the region tor achieving the optical 
switching function as the record head and therefore, the 
size can be saved. This is the structure necessary in 
using a material at high cost and is an important struc- 
ture in view of restricting the function region and promot- 
ing the accuracy of flying position or the like. 

Also in Fig. 4, the function is similar to those in the 
other examples and the state whoro high voltage is ap- 
plied between the source electrode 3 and the opposed 
electrode 6 by using the drive power source 8 is pro- 
duced and the writing light 10 is irradiated from the side 
of the source electrode 3 to the photoconductor 2 by us- 
ing the light irradiating means 7. At this moment, the re- 
sistance of the irradiated region of the photoconductor 
2 is decreased, the source electrode 3 and the ink cham- 
ber 5 are brought into a conductive state, electric charge 
is injected into the ink chamber 5 and the ink is flown 
from the ink injection portion 11 toward the side of the 
opposed electrode 6 by receiving Coulomb's force and 
is adhered and fixed to the record medium 9. 

(Example 5) 

Figs. 5A-5B illustrate explanatory views schemati- 
cally showing one example of a photoconductor, a 
source electrode, and an insulating film according to the 
constitution of the record head of the present invention. 
Further, in Figs. 5A-5B, numeral 2 designates the pho- 
toconductor, numeral 3 designates the source electrode 
and numeral 4 designates the insulating film. Further, 
although in Figs. 5A and 5B, the photoconductor is 
formed limitedly only at the source electrode portion, 
that is, only the region functioned by the writing light, the 
present invention is not limited thereto. 

Fig. 5A shows a state where the source electrode 
3, the photoconductive film 2, the insulating film 4 or the 
photoconductive film 2, the source electrode 3 and the 
Insulating film 4 are formed in this order on the substrate. 
According to the structure, since the photoconductive 
film 2 is f rmed all through the length, the region of dis- 
charging electric charge is extended through the entire 



fac of the end portions of the long side and in principle, 
th ink can be injected from all the regions. That is, in 
view of the constitution of the three members of the pho- 
toconductive film, the source electrode and the insulat- 
s ing film, the resolution may be consid red infinitive. This 
is one feature of the record head of the present inven- 
tion. 

Fig. 5B shows a state where the photoconductive 
film 2 is divided while the mode is similar to that of Fig. 

10 5A. By such a structure, the region of discharging elec- 
tric charge can be restricted. That is, this is effective in 
the case where the resolution is intended to be limited 
or the case where the region of discharging electric 
charge is intended to restrict in respect of the spot of the 

« writing light. 

In this way, the photoconductor 2 can be fabricated 
into various shape as in dividing it when there is no prob- 
lem in view of function and it is necessary. 

20 (Embodiments) 

Figs. 6A-6D illustrate explanatory views schemati- 
cally showing other example of a photoconductor, a 
source electrode and an insulating film according to the 

zs constitution of the record head of the present invention 
similar to Figs. 5A-5B. 

Fig. 6A shows a total picture of the constitution. This 
shows one example of the constitution where a ladder- 
like electrode is used for the source electrode and as 

30 the constitution, a source electrode, a photoconductive 
film, an insulating film or a photoconductive film, a 
source electrode and an insulating film are formed in this 
order on a substrate. The explanation of these respec- 
tive constituent portions is shown from Figs. 6B through 

35 6D in which Fig. 6B shows the source electrode, Fig. 6C 
shows the photoconductive film and Fig. 6D shows the 
insulating film. 

There are provided window portions where regions 
of discharging electric charge which are elements for re- 

40 stricting the ink flying portions of the record head are 
formed at the insulating film, which are formed in corre- 
spondence with the pitch of the ladder-like source elec- 
trode. For example, by such a constitution, an effect of 
prescribing the resolution and reducing interference 

46 among dots can be provided. In this way, the shape of 
the insulating film can be changed so far as there Is no 
problem In view of function and it is necessary. 

(Example 7) 

so 

Figs. 7A-7D illustrate explanatory views schemati- 
cally showing several examples of source electrodes 
used in the constitution of the record head according to 
the present invention. 
ss pig. 7A shows a comb-like electrode, Fig. 7B shows 
a meandering electrode, Fig. 7C shows a ladder-like 
elect rod having float electrodes and Fig. 7D shows a 
state where the float electrodes and the ladder-like elec- 
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trode are formed at different layers. 

According to a source el ctrod .injection of electric 
charge Is the most important function and when the 
function is satisfied, the basic problem, that is, the func- 
tion of the record head is not prevented from being 
achieved whatever the shape is. The shape of the 
source electrode can be determined in accordance with 
the problem of the record head in respect of the shape, 
the purpose of promoting the record functbn (for exam- 
ple, controlling way of developing electric field or the 
like) and the like. 

Further, although the float electrodes serve to pro- 
mote the function of discharging electric charge, differ- 
ent from the function of the source electrode, the float 
electrode has been described since it constitutes one of 
application of the constitution. 

(Example 6) 

An explanation will be given of an example of color 
printing using the record head of the present invention. 

Four of record heads each having a line shape in 
correspondence with the print width of a record medium 
are constituted to overlap vertically and inks of yellow 
(Y), magenta (M), cyan (C) and black (Bk) are supplied 
to the individual record heads from above. 

As a procedure of recording, a state of applying high 
voltage between the individual source electrodes and 
the opposed electrode by a power source is produced 
and a yellow ink record head is disposed at a printing 
position. Next, the writing light is irradiated to a photo- 
conductor of the yel tow record head from the side of the 
source electrode by tight irradiating means. At this mo- 
ment, the resistance of an irradiated region of the pho- 
toconductor is decreased, the source electrode and an 
ink chamber are brought into a conductive state, electric 
charge is injected into the yellow ink chamber and yellow 
ink is flown from an ink injection portion toward the side 
of the opposed electrode by receiving Coulomb's force 
and is adhered and fixed to the record medium. Thereby, 
the yellow ink of desired picture pixels is provided at 1 
line region of the record medium. 

Next, the record head is moved and the magenta 
ink record head is disposed at the printing position. Fur- 
ther, the magenta ink of desired picture pixels is provid- 
ed at 1 line region of the record medium by the above- 
described recording procedure. 

Next, the record head is moved, the cyan ink record 
head is disposed at the printing position and printing op- 
eration similar to the above-described is carried out. 

Finally, the record head is moved, a black ink record 
head is disposed at the printing position and printing op- 
eration similar to the above-described is carried out. 

After carrying out printing of 1 line on the record me- 
dium through the above-described procedure, the 
record medium is moved by 1 line by paper feeding 
means and 4 of the record heads are moved back to 
home positions. By repeating the procedure, desired 



color picture pixels for each picture can b provided on 
th record medium. 

Although according to the embodiment 4 kinds of 
the inks are constituted, highly fine output print or picture 

s of full color having no restriction in the print color is ob- 
tained by increasing the number of records heads and 
supplying inks of multiple colors. 

Further, although according to the embodiment, an 
explanation has been given of a system of driving the 

io record heads of the present invention at every time of 
transcribing the respective colors of YMCBk to the 
record medium, it is naturally possible to irradiate record 
pixel information of respective colors of YMCBk simul- 
taneously onto a photoconductor by installing a struc- 

15 ture simultaneously making access to the respective 
picture information of YMCBk in the light irradiating 
means. Incidentally, although according to the embodi- 
ment, an explanation has been given of the record head 
In a line shape, the record head of the present invention 

20 can be used in a serial shape and therefore, the total of 
device can also be made compact 

(Example 9) 

25 An explanation will be given of an example of the 
fifth constitution using the record head of the present 
invention. According to the embodiment multiple inks 
are injected by the record head. 

For example, in the case of color printing as an ob- 

30 ject, according to the record head, a source electrode 
divided in 4, a photoconductor and an individually cor- 
responding insulating film are formed on a substrate and 
ink chambers in correspondence with the respective di- 
vided source electrodes are provided Further, inks of 

35 yellow (Y), magenta (M), cyan (C) and black (Bk) are 
supplied to the ink chambers. 

As a recording procedure, a state where high volt- 
age is applied between the individual source electrodes 
and the opposed electrode by the power source is pro- 

40 duced and writing light is irradiated from the side of a 
source electrode of a yellow ink region to the photocon- 
ductor by light irradiating means. At this moment, the 
resistance of an irradiated region of the photoconductor 
is decreased, the source electrode and the ink chamber 

45 are brought into a conductive state, electric charge is 
injected into the yellow Ink chamber and the yellow ink 
is flown from an ink Injection portion toward the side of 
the opposed electrode by receiving Coulomb's force and 
is adhered and fixed to the record medium. Thereby, yel- 

so low ink of desired picture pixels is provided at 1 line re- 
gion of the record medium. 

Next, the record head is moved and a magenta ink 
record head is disposed at a printing position. Further, 
magenta ink of desired picture pixels is provided at 1 

55 rme region of the record medium by the above-described 
recording procedure. 

Next, th record h ad is moved and a cyan ink 
record head is disposed at the printing position and 
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printing operation similar to the above-described is car- 
ried out. 

Finally, the record head is moved and a black ink 
record head is disposed at the printing position and 
printing operation similar to the above-described is car- 
ried out. 

After performing printing of 1 line on the record me- 
dium by the above-described procedure, the record me- 
dium is moved by 1 line by paper feeding means and 
the record heads are moved back to home positions. By 
repeating the procedure, desired color picture pixels for 
each picture can be provided on the record medium. 

Although according to the example, 4 kinds of inks 
are constituted, highly fine output print or picture of futl 
color is obtained by increasing a number of divisions of 
the record heads and supplying individually multiple 
colors of inks. Further, when a type of the record head 
of the present invention in use of a ceiling plate having 
a slit-like shape is used, 4 of slits are naturally formed 
at the ceiling plate. 

Incidentally, although an explanation has been giv- 
en of the record head in a line shape according to the 
example, the record head of the present invention can 
be used also in a serial shape and accordingly, the total 
of the device can also be made compact. 

As has been explained, the examples of the present 
invention have been described. 

Incidentally, in respect of the opening of the ceiling 
plate, even when the opening is formed by a round hole 
that is frequently used in the conventional ink jet printer, 
the operation of the record head having such a consti- 
tution can naturally be performed in a similar manner. 
By the example or by applying the example, various 
record heads of a 1 slit type, a multiple slit type, a slitless 
type, a 1 nozzle type, a multiple nozzle type and the like 
can be used. 

As has been explained, a record head of the present 
invention may be provided with the following constitu- 
tions. 

(1 ) At least a source electrode and a portion for sup- 
plying electric charge to ink are formed to separate 
from each other by a predetermined distance in a 
direction of a plane. 

(2) At least a source electrode and a portion for sep- 
arating and flying ink supplied with electric charge 
are formed to separate from each other by a prede- 
termined distance in a direction of flying ink. 

(3) Provided are at least a substrate, a source elec- 
trode, a photoconductor, an ink supply path for sup- 
plying ink to an insulating film and on the photocon- 
ductor, an ink chamber formed on the photoconduc- 
tor, an opposed electrode, an air layer having a pre- 
determined layer thickness between the opposed 
electrode and the ink chamber, a power source for 
applying voltage betwe nth source elect rod and 
the opposed electrod and light irradiating means 
for irradiating tight in correspondence with a desired 



picture pixel to the photoconductor. 
(4) An ink chamber is provided with an ink flying por- 
tion formed with a gap from a source electrode by 
a predetermined distance and portions of ink irradi- 

s ated with light in corr spondence with a pictur pix I 
includes at least portions or a total of a boundary 
between a source electrode and a photoconductor 
and a boundary between the photoconductor and 
the ink chamber. 

io (5) A substrate is constituted by a transparent sub- 
strateand is arranged such that light irradiated from 
light irracfiating means is irradiated from the side of 
the transparent substrate. 

(6) At least a gap between ink and a source elec- 
*5 trode is protected by an insulating film. 

(7) A portion of an ink chamber is formed by a wall 
installed on a substrate or a photoconductor or a 
source electrode or an insulating film. 

(8) A ceiling plate having a slit hole formed in cor- 
20 respondence with an ink flying portion is installed to 

interpose an ink chamber between a photoconduc- 
tor and the ceiling plate. 

(9) A source electrode is formed-in a linear shape. 

(10) A source electrode is formed in a ladder-like 
2S shape. 

(11) A source electrode is formed in a comb-like 
shape. 

(12) A source electrode is formed in a meandering 
shape. 

30 (13) A photoconductor is formed to be divided. 
Thereby, the following effects are achieved. 

(1) Light is irradiated from the light irradiating means 
35 onto the photoconductor and therefore, the record- 
ing process is performed in a noncontact state and 
at high speed. 

(2) The ink flying speed can be made high and var- 
iable in accordance with an object of the record me- 

40 dium by controlling the optical energy of the light 
irradiating means to thereby control the amount of 
electric charge injected into ink. 

(3) Basically, nozzles for respective picture pixels 
are not needed in the record head and the high res- 

45 otution is achieved and the cost is reduced and the 
cleaning after injecting ink can be facilitated by the 
slit constitution using the slit plate. 

(4) The direction of frying ink is controlled by provid- 
ing the slit at the ceiling plate, the amount of inject- 

so ing ink and the flying speed in respect of the dis- 
tance between the opposed electrodes are stabi- 
lized and further, by controlling the curve of the me- 
niscus of ink, the efficiency of concentrating ink is 
promoted and the energy in respect of jumping of 

55 ink can be reduced. 

(5) A plurality of record units can be used by con- 
structing a constitution where record heads ov flap 
each other v rttcally and highly fine output print is 
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obtained in full color with no restriction of print 
colors. 

(6) By constituting a record head in a line shape, a 
printable range can correspond to record paper, 
record speed is significantly shortened and high 
speed printing can be carried out. 

(7) Highly fine output print in full color can be ob- 
tained by increasing a number of divisions of record 
heads and supplying individually multiple colors of 
inks. 

(8) By constituting a record head in a serial shape, 
the record head can be constituted compactly. 

(9) A device substantially similar to an on-demand 
type can be constituted since the amount of supply- 
ing ink can be controlled by a photoconductor with 
high speed performance of a continuance type. 

(10) Compared with an ink jet system, the resolution 
can be restricted by a spot diameter of light supply- 
ing means and therefore, high resolution compara- 
ble to electronic photography can be achieved. 

(11) Compared with an electronic photographing 
system, the constitution of device is simplified and 
the cost is reduced. 

Expressions hereinabove based on the word "in- 
ject" may be understood to mean "eject" where the con- 
text so requires. 



Claims 



posed electrode (6) and light irradiating means (7) 
for irradiating light onto the photoconductor in cor- 
respondence with a desired picture pixel. 

s 5. A record head as claimed in claim 4, wherein the 
area of the photoconductor (2) irradiated by the light 
irradiating means (7) is a portion of or all of the area 
of the photoconductor (2) exposed in the ink cham- 
ber (5). 

10 

a A record head as claimed in claim 4 or claim 5, 
wherein the substrate (1 ) is a transparent substrate 
and the light irradiated from the light irradiating 
means (7) is irradiated through the transparent sub- 
*5 strata (1). 

7. A record hear as claimed in any of claims 4 to 6, 
wherein a boundary of the ink chamber (5) is formed 
by a wall (1 3) positioned on the substrate (1 ) or the 
20 photoconductor (2) or the source electrode (3) or 
the insulating film (4). 

a A record head as claimed fri any of claims 4 to 7, 
wherein a boundary of the ink chamber (5) is formed 
2s by a ceiling plate (12) which has an aperture con* 
stituting the ink ejection port (11), 

9. A record head as claimed in any preceding claim, 
wherein the source electrode is formed in a linear 
30 shape. 



20 



1 . A record head in which electric charge is applied to 
eject ink by optically switching a photoconductor (2) 
associated with a source electrode (3) which acts 

as an electric charge supply source, characterised 3$ 
in that the source electrode (3) is electrically insu- 
lated from direct contact with the ink. 

2. A record head as claimed in claim 1, wherein the 
photoconductor (2) is planar and the position or po- 40 
sitions at which electric charge is imparted to the 

ink is or are separated from the source electrode (3) 
in the plane of the photoconductor (2). 



10. A record head as claimed in any of claims 1 to 8, 
wherein the source electrode (3) is formed in one 
of: a ladder-like shape, a comb-like shape, and a 
meandering shape. 

11. A record head as claimed in any preceding claim, 
wherein the photoconductor (2) is formed dividedly. 



A record head as claimed in claim 1 or claim 2, 45 
wherein the head has an ink ejection port (11) with 
the port (11 ) and source electrode (3) being spaced 
apart from each other in the ink ejection direction. 



4. A record head as claimed in any preceding claim, so 
further comprising a substrate (1), an electrically in- 
sulating film (4) formed on the source electrode (3), 
an ink supply path for supplying ink to an ink cham- 
ber (5) formed on and partly bounded by the photo- 
conductor (2), an opposed electrode (6) arranged ss 
remotely from the ink chamber (5) by a predeter- 
mined interval, a power source (8) for applying volt- 
age between the source electrode (3) and the op- 
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FIG. 4 
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FIG. 5A 




FIG. 5B 
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FIG. 6A 
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